AUTOMOTIVE CONTROL APPARATUS AND METHOD 



BACKGROUND OF THE INVENTION 

The present invention relates to an automotive 
control apparatus and method, or more in particular an 
apparatus and a method for controlling the output of a 
5 power train including an engine, a transmission and 

driving wheels in accordance with the intention of the 
driver and the result of recognition of other vehicle 
running immediately ahead. 

A conventional technique for changing the 

10 drive mode of an automotive vehicle in accordance with 
the conditions of other vehicle running immediately- 
ahead or the intention of the driver of vehicle is 
described in Japanese Patent Application Laid-open No. 
JP-A-47862. This patent publication discloses a method 

15 of switching the drive mode of a vehicle in accordance 
with the driving condition of other vehicle running 
immediately ahead or in accordance with the intention of 
the driver of the concerned vehicle, as selectively 
judged by the driver of the following vehicle. In other 

20 words, the driver of the own vehicle determines one of 
the two drive modes by his or her own judgment so that 
the driver can drive his or her vehicle with the driving 
force as intended. 

Establishment of a technique for detecting the 

25 distance between and relative speeds of one vehicle and 



another vehicle running immediately ahead (including an 
obstacle lying ahead) by use of a radar for securing the 
safety of the following vehicle is an urgent current 
problem. In the prior art described above, it is 
indispensable to attain the drive mode intended by the 
driver (the linear feeling of acceleration corresponding 
to the accelerator pedal stroke) and to secure the 
safety (collision prevention) at the same time. 

In the conventional method of controlling the 
drive mode of a vehicle which still finds applications, 
however, primary emphasis is always placed on the 
intention of the driver. Therefore, it is technically 
difficult to automatically switch the drive mode of a 
following vehicle taking both the safety of the 
particular following vehicle and the driving condition 
of a vehicle running immediately ahead into considera- 
tion. This switching operation has hitherto been left 
to the manipulation of the driver of the following 
vehicle. As a result, if the difference is large 
between the calculated control parameter values of the 
above-mentioned two drive modes, the torque changes so 
abruptly that an unexpected acceleration/deceleration 
change occurs unavoidably against the will of the driver 
of his own vehicle. 

In the prior art, assume, for example, that 
the driver who has so far maintained the accelerator 
pedal stroke at a low value switches to a mode 
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corresponding to the driving condition of a vehicle 
running immediately ahead, i.e. a mode for chasing the 
vehicle running immediately ahead. A deviation occurs 
between a target value intended for by the driver of the 
5 vehicle and an actual target control value for the 

chasing operation, thereby causing an undesirable torque 
change uncomfortable to the driver of the vehicle. 

JP-A-7-189795 and JP-A-8-304548 disclose that 
an engine and a transmission are controlled with the 
10 control parameter such as a driving torque at a output 
shaft of the transmission. 

SUMMARY OF THE INVENTION 

The object of the present invention is to 

15 provide an automotive control apparatus and control 
method, in which a control amount for securing the 
safety of a vehicle and a control amount for attaining a 
mode intended for by the driver of the vehicle can be 
switched while reducing the shock from the power train, 

20 thus making it possible to secure the safety and the 
maneuverability of the vehicle at the same time. 

The present invention provides an automotive 
control apparatus, in which fluctuations of at least 
selected one of the driving torque, the driving force 

25 and the acceleration/deceleration rate are suppressed in 
the case where a deviation beyond a predetermined value 
occurs between a first target value before change of at 



least one of the driving torque, the driving force and 
the acceleration/deceleration rate and a second target 
value calculated in accordance with the drive mode 
intended for by the driver or the driving environment 
5 ahead . 

According to a first preferred aspect of the 
invention, there is provided an automotive control 
apparatus for setting a target value of the driving 
torque on the output shaft side of the transmission 

10 based on at least the accelerator pedal stroke and 

controlling at least the engine toque in accordance with 
the target value, comprising means for setting a drive 
mode intended for by the driver or means for recognizing 
the driving environment ahead, means for changing a 

15 target value in accordance with the signal produced 

from one of the foregoing two means, and means for sup- 
pressing the fluctuations of the driving torque in the 
case where a deviation of not less than a predetermined 
value occurs, in switching the target values, between 

20 the first target value before change and the second 

target value calculated according to the above-mentioned 
signal. 

According to a second preferred aspect of 
the invention, there is provided an automotive control 
25 apparatus comprising means for detecting an actual 

vehicle acceleration/deceleration rate and means for 
detecting an actual vehicle speed in addition to the 
accelerator pedal stroke as a signal used for 
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calculating a target value of the driving torque . 

According to a third preferred aspect of the 
invention , there is provided an automotive control 
apparatus in which the torque fluctuation suppression 
5 means causes the target value change means to change the 
first target value first at a predetermined progressive 
rate for a predetermined length of time from an initial 
value and switches it to a second target value when the 
deviation between the first and second target values is 

10 reduced to a predetermined level. 

According to a third preferred aspect of the 
invention, there is provided an automotive control 
apparatus , in which the torque fluctuation suppression 
means causes the target value change means to switch the 

15 second target value to the first target value instan- 
taneously. 

According to a fourth preferred aspect of the 
invention, there is provided an automotive control 
apparatus, in which the signal produced by the drive 

20 mode setting means or the environment recognition means 
represents the headway distance and the relative speed 
with the vehicle running immediately ahead. 

According to a fifth preferred aspect of the 
invention, there is provided an automotive control 

25 apparatus for setting a target value of the driving 
torque on the output shaft side of the transmission 
based on at least the accelerator pedal stroke and the 
actual vehicle deceleration rate and controlling at 



least the engine torque and the transmission ratio in 
accordance with the target value, comprising means for 
calculating a target value of the rotational speed on 
the input shaft side of the transmission in accordance 
with the target value and a target rotational speed 
limit setting means for setting a limit to the target 
rotational speed on the input shaft side of the 
transmission . 

According to a sixth preferred aspect of the 
invention, there is provided an automotive control 
apparatus for setting a target value of the driving 
torque on the output shaft side of the transmission 
based on at least the accelerator pedal stroke and the 
actual vehicle deceleration rate and controlling at 
least the engine torque and the transmission ratio in 
accordance with the target value, comprising means for 
calculating a target value of the transmission ratio in 
accordance with the target value of the driving torque 
and target transmission ratio limit setting means for 
setting a limit to the transmission ratio. 

According to a seventh preferred aspect of the 
invention, there is provided an automotive control 
apparatus for setting at least one of the driving 
torque, the driving force and the acceleration/decele- 
ration rate on the output shaft side of the transmission 
as a target value based on at least the accelerator 
pedal stroke and controlling at least the engine torque 
in accordance with the target value, comprising means 



for calculating the driving load of the vehicle , means 
for calculating the actual deceleration rate of the 
vehicle, means for calculating a target deceleration 
rate based on at least the deceleration rate calculated 
5 y the deceleration rate calculation means and the 

accelerator pedal stroke, and means for calculating the 
target value in accordance with the driving load calcu- 
lated by the driving load calculation means and the 
target deceleration rate calculated by the target 

10 deceleration rate calculation means. 

According to an eighth aspect of the inven- 
tion, there is provided an automotive control apparatus 
wherein the driving load calculation means is weight 
rewrite means capable of rewriting the magnitude of the 

15 driving load calculated. 

These means can solve the above-mentioned 

problems . 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the process 
20 of control according to an embodiment of the present 
invention . 

Fig. 2 is a diagram showing a system 
configuration according to the invention. 

Fig. 3 is a time chart for changing a first 
25 target value to a second target value. 

Fig. 4 is a time chart for changing a second 
target value to a first target value. 
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Fig. 5 is a block diagram showing the process 
of control according to another embodiment of the 
invention . 

Fig. 6 is a time chart for controlling a 
5 target deceleration rate. 

Fig . 7 is a time chart for switching between 
deceleration and acceleration. 

Fig. 8 is a characteristic diagram schemati- 
cally showing the transmission ratio control for 
10 deceleration. 

Fig . 9 is a perspective view showing a shift 
lever 4 0 for briefly explaining a method of manually 
setting a critical engine speed. 

Fig. 10 is a time chart for target decelera- 
15 tion rate control using an actual deceleration rate Gd . 

Fig. 11 is a time chart for controlling the 
throttle valve opening during change shift operation. 

Fig. 12 is a time chart showing a deceleration 
rate characteristic for different road slopes. 
20 Fig. 13 is a block diagram for calculating a 

target value corresponding to the driving load. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the invention will be 
described below with reference to the accompanying 
25 drawings . 

Fig. 1 is a block diagram showing the control 
operation according to an embodiment of the invention. 
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First, a control logic will be explained for the case in 
which an ordinary driver operates the accelerator pedal 
(not shown) to drive a vehicle (not shown). 

The vehicle control system includes an 
5 environment based power train control unit 23, an engine 
power train control unit 19 and various sensors and 
detectors for detecting an accelerator pedal stroke, a 
vehicle speed, an engine speed, transmission input/ 
output speeds, a headway distance, a relative speed, a 

10 steering angle, a throttle opening, a brake depression 
force and states of some switches. The environment 
based power train control unit 23 and the engine power 
train control unit 19 are formed by a microcomputer 
including MPU and memory devices (not shown). The MPU 

15 executes the control programs stored in the memory 

devices. Every function of every unit included in the 
environment based power train control unit 2 3 and the 
engine power train control unit 19 is implemented in 
accordance with the control programs. 

20 The accelerator pedal depression stroke ct and 

the vehicle speed N D are applied to a first target 
driving torque calculation unit 1, where a first target 
value Ttarl is calculated and applied to a target value 
change unit 2 . The first target value Ttarl from the 

25 target value change unit 2 is directly substituted into 
the target value Ttar, so that the target value Ttar is 
applied directly to a target brake force calculation 
unit 3, a target engine torque calculation unit 4 and a 



target transmission ratio calculation unit 5. 

The calculation unit 3 retrieves a brake 
control range composed of the target value Ttar and the 
target rotational speed on the transmission input shaft 
5 side thereby to calculate a target brake force Bt. This 
target brake force Bt is applied to a brake actuator 6 
thereby to execute the brake control . 

The target transmission ratio calculation unit 
5 calculates a target transmission ratio I t with the 

10 target value Ttar and the vehicle speed N D as parameters 
during acceleration. During deceleration, on the other 
hand, the engine brake control area composed of the 
target value Ttar and the target rotational speed on the 
transmission input shaft side shown in Fig. 8 is 

15 retrieved thereby to calculate the target transmission 
ratio I t . This target transmission ratio I,, is applied 
to a transmission actuator 7 thereby to execute the 
acceleration control and the engine brake control . 

Further, the target engine torque calculation 

20 unit 4 calculates a target engine torque Tet from the 
target value Ttar and the target transmission ratio I c , 
which target engine torque Tet is applied to a target 
throttle valve opening calculation unit 8 . A target 
throttle valve opening 6t is calculated and applied to a 

25 throttle actuator 9. In the process, an actual trans- 
mission ratio Ir providing the ratio between the input 
shaft rotational speed Nt of the transmission and the 
vehicle speed N 0 can be used in place of the target 
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transmission ratio I t , so that the ability of the actual 
driving torque to follow the target torque Ttar is 
improved for an improved torque control . 

A similar effect is obtained by using the 
5 longitudinal vehicle acceleration or the driving force 

in place of the driving torque. Further, instead of the 
brake control used in the present embodiment, the engine 
torque and the transmission ratio can be controlled to 
control the acceleration/deceleration rate in a way 

10 superior to the prior art, thereby making it possible to 
drive the vehicle as intended by the driver. 

The foregoing description concerns an 
automotive vehicle carrying an engine in which fuel is 
injected into an air inlet port. In another type of 

15 engine in which fuel is injected directly into a com- 
bustion cylinder, since larger air-fuel ratio mixture 
can be used by employing a combination of the throttle 
valve control and the fuel amount control for con- 
trolling the air-fuel ratio, therefore, a driving torque 

20 control of higher accuracy is made possible. 

Now, an explanation will be given of a control 
logic for the case in which a constant vehicle speed 
control or a constant headway distance control is 
requested as a drive mode by the driver instead of 

25 normal drive through a drive mode changeover switch SW 
or the like. The term "headway distance" means a 
distance between a car and the one in front. 

In Fig. 1, assume that a constant vehicle 
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speed control is requested. A target vehicle speed Vt 
and a vehicle speed No are applied to a second target 
driving torque calculation unit 10, in which a target 
acceleration/deceleration rate is determined from the 
deviation between the target vehicle speed Vt and the 
vehicle speed N 0 and the time required for reaching the 
target vehicle speed Vt. Further, a second target value 
Ttar2 is calculated using the vehicle weight, the tire 
radius, the gravity and the driving resistance on flat 
roads of ordinary altitude. The second target value 
Ttar2 is applied to a limit setting unit 11. The second 
target value Ttar2, if it exceeds a target critical 
driving torque Ttar2 ' , as shown in Fig. 4, is limited to 
the critical driving torque Ttar2 ' . As a result, an 
abrupt acceleration can be avoided while the vehicle is 
running at a constant speed. Thus, the acceleration 
control is possible which gives no uncomfortable feeling 
to the driver. Then the actuators 6, 7, 9 are driven to 
drive the vehicle with the critical driving torque 
Ttar2' or the second target value Ttar2 as a target 
value in place of the first target value Ttarl for 
normal drive. 

The target value is changed this way by the 
signal of the changeover switch SW. The control logic 
-executed by the driver through the changeover switch SW 
incorporates a logic for changing the target value auto- 
matically in the case where the headway distance St is 
judged to have dangerously decreased to a considerably 
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small value. Specifically, the driving environment in 
front is recognized by a radar or a camera and the 
result of recognition is applied to the target value 
change unit 2, so that the target driving torque is 
5 automatically changed from the first target value Ttarl 
to the second target value Ttar2 . 

In the case where a constant headway distance 
control is requested, on the other hand, the speed Vs of 
a following vehicle relative to the speed of the vehicle 

10 running immediately ahead, the headway distance St with 
the vehicle running immediately ahead, the target head- 
way distance Stt with the vehicle running immediately 
ahead and the vehicle speed N 0 of the following vehicle 
are applied to the second target driving torque calcu- 

15 lation unit 1. A target acceleration/deceleration rate 
is determined from the difference between the vehicle 
speed N Q and the target vehicle speed Vtt determined 
from the relative speed Vs , the headway distance St and 
the target headway distance Stt relative to the vehicle 

20 running immediately ahead on the one hand and the time 
required for reaching a target vehicle speed on the 
other hand. Further, the second target value Ttar2 is 
calculated using the vehicle weight, the tire radius, 
the gravity and the driving resistance on flat roads of 

25 ordinary altitude. After that, the control operation 

similar to that for the above-mentioned constant vehicle 
speed control is performed. 

A method of changing between the first target 
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value Ttarl and the second target value Ttar2 will be 
explained with reference to Figs . 3 and 4 . 

Fig. 3 is a time chart for changing from the 
first to the second target value, and Fig. 4 is a time 
5 chart for changing from the second to the first target 
value. In Fig. 3, consider the case in which ct is 
larger than zero, i.e. the case in which the target 
value of the driving torque is changed from the first to 
the second value at a timing a while the vehicle is 

10 accelerating. At timing a, the second target value 

Ttar2 is calculated and the target is changed from the 
first target value Ttarl to the second target value 
Ttar2. If the target vehicle speed Vt or the target 
vehicle speed Vtt is considerably higher than the 

15 current vehicle speed No, the deviation Ak between the 
first target value Ttarl and the second target value 
Ttar2 assumes a large value. Consequently, once the 
target value is changed directly at timing a, the actual 
wheel torque undergoes a change (as in the prior art) to 

20 cause uncomfortable to ride. 

According to the present invention, in 
contrast, when the target is changed from the first 
target value Ttarl to the second target value Ttar2 at 
timing a, the target value Ttar is steadily increased 

25 before a timing b after the lapse of a predetermined 

time length Ts within the target change means 2, and the 
second target value Ttar2 is not used before the second 
target value Ttar2 and the target value Ttar reaches a 
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predetermined value kl free of torque change. As a 
result, the fluctuations in the actual wheel torque 
generated after timing a. can be suppressed, thereby 
making possible a smooth charge in target value, i.e. a 
consistent transfer to a constant vehicle speed control 
and a constant headway distance control. 

Now, in Fig. 4, consider the case in which the 
target driving torque is changed from the second target 
value Ttar2 to the first target value Ttarl at timing c 
while the accelerator pedal stroke a, is larger than 
zero, i.e. while the vehicle is accelerating. At timing 
c, the first target value Ttarl is calculated from the 
accelerator pedal stroke a and the vehicle speed No, and 
the target is changed from the second target value Ttar2 
to the first target value Ttarl. In this case, the 
intention of the driver to accelerate is given priority, 
and therefore the target value is changed instantane- 
ously. Also, a time constant of about 200 seconds or 
less can be set at which the feeling of acceleration is 
not deteriorated. 

Fig. 2 is a diagram showing a system configu- 
ration of the invention. A vehicle body 15 has mounted 
thereon an engine 16 and a transmission 17. The driving 
force transmitted in the power train including the 
engine 16 and wheels 18 is controlled by an engine power 
train control unit 19. This engine power train control 
unit 19 calculates the first target value Ttarl of the 
driving torque (or the driving force or the acceleration 
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rate), and, in accordance with the target value thus 
calculated, further calculates a target throttle valve 
opening 6t (or a target air flow rate), a fuel amount, 
an ignition timing, a brake pressure Bt, a transmission 
5 ratio It and a transmission control oil pressure PL. 

The fuel amount is controlled by an inlet port injection 
method which is currently used most widely or a direct 
injection method high in controllability. 

The vehicle body 15 also carries a TV camera 

10 20 for detecting the environmental conditions and an 
antenna 21 for receiving the information on the 
infrastructure. The image on the TV camera 20 is 
applied to and processed in an image processing unit 
22 to recognize a road slope, the radius of curvature 

15 of a corner, traffic signal information, road marks, 

traffic control situation, other vehicles, pedestrians, 
obstacles, etc. A driving environment signal produced 
by this recognition is applied to an environment -based 
power train control unit 23. 

20 Also, a radar system 24 of FM-CW type or the 

like is installed on the front part of the vehicle 15 to 
detect the distance St from or the relative speed Vs 
with a vehicle running immediately ahead or an object 
lying ahead. The antenna 21 is connected with an 

25 infrastructure information terminal 25 for supplying the 
infrastructure information by which to detect the 
conditions of the roads ahead (wet or dry, depth of 
water pools, snow condition, frozen or not, presence or 
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absence of gravel, etc.), weather information (rainfall, 
snowfall, etc.), traffic congestion, etc. Further, from 
the road surface condition, the friction coefficient a=^= 
between the tire and the road is calculated and applied 
5 to the control unit 23. 

The driving environment can also be judged 
from the map information stored in a CD-ROM 26 or the 
like, so that the road conditions ahead (slope, corner 
radius of curvature, traffic control, etc.) can be 
10 detected. 

In the control unit 23, the second target 
value Ttar2 of the driving torque of the power train (or 
the driving force or acceleration rate) corresponding to 
the driving environment to be overcome is calculated on 
15 the basis of the signals representing the road slope, 

the corner radius of curvature, the headway distance St, 
the relative speed Vs , the friction coefficient u, etc. 
The calculation result is applied to the control unit 
19. 

20 The control unit 19 selects the first target 

value Ttarl or the second target value Ttar2 according 
to the signal of the changeover switch SW manipulated by 
the driver. Assume that the second target value Ttar2 
is selected. Based on this value, i.e. based on the 

25 target driving torque corresponding to the driving 

environment, the throttle valve opening 6t, the fuel 
amount, the ignition timing, transmission control oil 
pressure PL, the transmission ratio It and the brake 
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force Bt are calculated. Also, the control unit 19 is 
supplied with an accelerator pedal stroke <x, a vehicle 
speed N 0 , an engine speed Ne, a switch signal Msw 
(described later) , an acceleration sensor signal Gd, a 
5 steering wheel angle Sa, etc. 

Fig. 5 is a block diagram showing the control 
operation according to another embodiment . The power 
train controller providing the base of this operation is 
identical to that shown in Fig. 1. The difference of 

10 this embodiment from the above-mentioned embodiment lies 
in the engine brake control. In Fig. 1, the engine 
brake is controlled by controlling the transmission 
ratio, while the embodiment of Fig. 5 newly includes an 
engine brake control unit 30 and an engine brake 

15 actuator 31. Specifically, a one-way clutch of the 

stepped transmission and a clutch for turning on/off the 
operation of the one-way clutch are used to judge 
whether the inverse driving force from the tires running 
on a descendant slope is to be transmitted or not to the 

20 engine. This system can realize a smooth deceleration 
control . 

Fig. 6 is a time chart for the case in which 
the target deceleration rate is controlled as described 
in Fig. 5. First, a target driving torque Ttar of 
25 negative value is calculated by a combination of the 

accelerator pedal stroke a and the vehicle speed N Q or a 
combination of the accelerator pedal stroke ct, the 
vehicle speed N D and the actual vehicle deceleration 
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rate Gd (described in detail with reference to Fig. 10). 
As an alternative, the target value Ttar of the driving 
torque is set by the second target value Ttar2 of the 
driving torque supplied from the environment-based power 
5 train control unit 23. In a large deceleration control 
requiring the brake control in accordance with this 
target value Ttar (period between e and f ) , the target 
engine torque Tet is set to almost zero, i.e. the 
vicinity of a minimum value, and further, the target 

10 transmission It is set in accordance with the value of 
the target engine torque Tet to achieve the target 
driving torque value Ttar. During the period between e 
and f, however, it is necessary to turn off the engine 
brake control signal Eb in order to avoid the feeling of 

15 deceleration which otherwise might be caused by the 

interference between the brake control and the engine 
brake control by the transmission ratio control. As a 
result, the deceleration is controlled only by the brake 
control, and therefore the controllability and the 

20 maneuverability for deceleration are improved. 

Further, since the transmission ratio is 
shifted to the lower side (associated with a larger 
transmission ratio) at the time of deceleration, the 
feeling of acceleration is improved when actuating the 

25 accelerator pedal again. 

Now, a method of switching from deceleration 
to acceleration will be explained taking the cornering 
control as an example with reference to Fig . 7 . Fig 7 
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is a time chart for the deceleration-acceleration 
switching control. 

An acceleration/deceleration rate change 
judging means 32 of Fig. 5 judges whether the state in 
5 which the accelerator pedal stroke a is zero and the 

target value Ttar of the driving torque and the target 
engine torque Tet are negative has changed to the state 
in which the accelerator pedal stroke a, i.e. the target 
value Ttar of the driving torque is positive. Assume 

10 that the target value Ttar of the driving torque has 
turned positive and an acceleration is judged. A 
transmission ratio change limiter 33 holds the current 
transmission ratio or limits the margin of change in the 
transmission ratio. In view of the fact that the trans- 

15 mission ratio is shifted to low side (associated with a 
larger transmission ratio) during the deceleration, the 
engine speed increases at a faster rate during the 
acceleration (not shown), thereby improving the feeling 
of acceleration. 

20 In Fig. 7, the period Til during which the 

current transmission ratio is held or the margin of 
change in transmission ratio is limited is determined by 
the magnitude of the target value Ttar of the driving 
torque, etc. A large target value Ttar of the driving 

25 torque indicates that a large acceleration rate is 

required. In such a case, therefore, it is necessary to 
increase the holding or limiting period, as the case may 
be. In the case where the steering angle Sa undergoes a 
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change during the period Til, i.e. in the case where a 
cornering is judged , the holding or limiting period is 
extended to a time point (after the lapse of period T12) 
when the steering angle Sa returns to zero (i.e. 
5 straight run) . In the case where the cornering con- 
tinues, the period can be extended to T13. Detection 
and judgment as to a cornering or not can be made 
alternatively based on the road radius of curvature R 
determined from the steering angle Sa (calculated by a 

10 road curvature radius estimation unit 34), a lateral 

acceleration sensor, a yaw rate sensor, infrastructure 
information, navigation information, etc. In this 
connection, the limited margin in the change of trans- 
mission ratio is set within ±0.5 or less so as not to 

15 adversely affect the feeling of acceleration according 
to this embodiment . 

Now, an explanation will be given of a method 
of setting the transmission ratio for controlling the 
target deceleration rate. For acceleration, the 

20 conventional transmission ratio map or a transmission 
ratio taking the fuel consumption into account can be 
used. For deceleration, however, the requirement of 
engine brake makes it not an easy matter to set the 
transmission ratio. In the prior art, the automatic 

25 transmission fails to work as intended by the driver in 
this operation area of deceleration. According to this 
invention, the above-mentioned problem is solved using 
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the method described below with reference to Figs. 5 and 
8. 

Fig. 8 is a characteristic diagram schema- 
tically showing the transmission ratio control for 
5 deceleration. In Fig. 8, the abscissa represents the 

target rotational speed on the transmission input shaft 
side (associated with the target transmission ratio I t 
for a constant vehicle speed N D ), and the ordinate 
represents the target driving torque value Ttar (i.e. 

10 the target deceleration rate) of negative value. 

The area along the abscissa is for brake 
control, and the hatched area for the transmission ratio 
control including the engine brake control. In the 
continuously variable transmission, the control level 

15 can be set arbitrarily any point over the whole hatched 
area. For the stepped transmission (such as a 
transmission having four steps of transmission ratio for 
forward drive), however, only the control value can be 
set on the solid line in the hatched portion. 

20 First, the continuously variable transmission 

will be described. Assuming that the target value Ttar 
of the driving torque is set at point A in Fig. 8, for 
example, any transmission ratio on the solid line 
between points B and C in the hatched portion can be 

25 selected. For determining a target transmission ratio 

from among numerous transmission ratios, therefore, some 
conditions must be set. Such conditions can be the 
purpose of deceleration on the part of the driver, 
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safety and fuel economy. A target critical engine speed 
is used as a parameter for meeting these conditions . By 
setting the target critical engine speed Nlmt at a value 
associated with point D, for example, the engine speed 
5 on the target transmission input shaft side at point D, 
i.e. the target transmission ratio can be determined. 

Now, the stepped transmission will be 
explained. In this case, once the target value Ttar of 
the driving torque is set at point A, only the trans- 
it) mission ratio intersecting the point A representing the 
shift position of the first or second speed is selected 
among those transmission ratios on the four thin solid 
lines in the hatched portion. In the case where the 
target critical engine speed Nlmt is set to a value at 
15 point D as described above, however, the selection of 
the second speed associated with a larger value than 
that the one at point D is impossible, resulting in 
unavoidable selection of the first speed. Under this 
condition, however, the deceleration rate is associated 
20 with point E and the target deceleration rate cannot be 
achieved. Therefore, the engine torque is increased to 
set the target critical engine speed Nlmt to point D. 
The engine torque is increased by increasing the 
throttle valve opening or by increasing the fuel amount. 
25 As described above, a negative transmission 

ratio is set based on the target value Ttar of the 
driving torque and the critical engine speed Nlmt, so 
that it is possible to solve the problem of the prior 
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art that the automatic transmission fails to operate as 
intended by the driver in the deceleration range of 
operation. The target critical engine speed Nlmt is set 
in the transmission ratio limiter 35 based on the signal 
5 of the manual critical engine speed setting switch Msw 
shown in Fig. 5, and applied to the target transmission 
ratio calculation unit 5. The target transmission ratio 
calculation unit 5 calculates and outputs the target 
transmission ratio It based on the target value Ttar of 

10 the driving torque, the target critical engine speed 

Nlmt and the characteristic of Fig. 8 stored in a memory 
(not shown) or the like. 

Fig. 9 is a perspective view of a shift lever 
40 for briefly explaining a method of setting the manual 

15 critical engine speed by the manual critical engine 
speed setting switch Msw of Fig. 8. 

The operation of the shift lever 40 can select 
an economy mode (EM), a normal drive mode (NDM) and a 
sport mode (SM). In NDM, the critical engine speed for 

20 engine brake is set at a predetermined value as low as 
about 1500 rpm to prevent a high deceleration rate. In 
ED, the fuel consumption is a more important factor than 
the engine speed, and therefore a transmission ratio is 
set taking the fuel consumption into consideration. For 

25 deceleration, the engine brake range is widened as far 

as possible while satisfying a target deceleration rate, 
and fuel supply is suspended to reduce the fuel consump- 
tion. In SM, on the other hand, the target critical 
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engine speed Nlmt of Fig. 8 can be set by the operation 
of the driver. Specif ically, the target critical engine 
speed Nlmt is increased to HIGH position or decreased to 
LOW position of Fig. 9 by manipulating the shift lever 
5 4 0 several times repeatedly. The resulting magnitude is 
detected by the manual critical engine speed setting 
switch Msw. The signal from the manual critical engine 
speed setting switch Msw is applied to an engine power 
train control unit 19 , and the target critical engine 

10 speed Nlmt is set by the transmission ratio limiter 35. 

Also, the target critical engine speed Nlmt is output to 
a display unit 41 from the engine power train control 
unit 19, and thus the driver is informed of the current 
drive mode in such a form as SPORT MODE, LIMITER REV 

15 4000 RPM. When using the second target value Ttar2 of 

the driving torque, on the other hand, the acceleration/ 
deceleration rate is controlled with stress placed on 
safety in whichever mode. 

Fig. 10 is a time chart for target decelera- 

20 tion control using an actual deceleration rate Gd. The 
accelerator pedal stroke at is judged to have decreased 
to zero or lower, a signal representing an actual 
deceleration rate Gd is detected for an arbitrary length 
of time (period between g and h), and a target decele- 

25 ration rate is calculated. Specifically, since the 
change in the deceleration rate Gd lags behind the 
change in the accelerator pedal stroke ct, it is neces- 
sary to set a period of arbitrary length for deciding a 
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target deceleration rate. In the case where the brake 
pedal depression force £ increases during this decision 
period, for example, the prevailing deceleration rate Gd 
is used as a target deceleration rate. As a result, the 
5 power train actually starts to be controlled at time 
point h. The brake depression force £ may be repre- 
sented by a braking pressure, a brake pedal depression 
stroke or a signal indicative of operation of the 
brakes . 

10 If the above-mentioned decision period is 

excessively long, however, the intention of the driver 
and the safety encounter a problem, whereas if the 
decision period is too short, judgment of the decele- 
ration rate aimed at by the driver is difficult. It is 

15 therefore empirically proper to set the decision period 
at 300 ms to 800 ms . 

For the stepped transmission, the target 
transmission ratio It is set from the fourth speed to 
the third speed when the brake pedal is not actuated and 

20 from the fourth speed to the second speed when the brake 
pedal is actuated, based on the transmission ratio 
control described with reference to Fig. 8. Also, the 
target throttle valve opening 6t is controlled during 
the speed change in order to improve the speed change 

25 response. A detailed explanation will given below with 
reference to Fig. 11. 

Fig. 11 is a time chart for throttle valve 
opening control during speed change. Especially for the 
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stepped transmission , the transmission ratio is required 
to be changed in large steps, and therefore auxiliary 
control by the engine torque control applies effec- 
tively. Specifically, whether the speed is undergoing a 
5 change is determined using the actual transmission ratio 
Ir, and judgment is made as to whether the transmission 
ratio Ir has reached a value associated with the time k2 
for starting the throttle control. In the case where 
the time k2 has arrived, the engine speed expected to 

10 change after speed change operation is predicted, and 
the throttle valve opening corresponding to the 
particular engine speed is calculated and output. The 
oil pressure PL supplied to the clutch of the trans- 
mission in the process is reduced beforehand at the time 

15 point of generation of a transmission start command 

signal. This makes possible a rapid shift-down opera- 
tion. At time point k3 , the throttle control is 
terminated for increasing the engine speed, and the 
process proceeds to the step of decreasing the target 

20 deceleration rate described with reference to Fig. 8. 
At the same time, an oil pressure PL corresponding to 
the target engine torque Tet, i.e. the target throttle 
opening 6t is set upward. In this way, the target 
deceleration control makes shift-down difficult with the 

25 decrease in engine speed, and therefore makes indispen- 
sable the cooperative control of the throttle valve 
opening and the oil pressure shown in Fig. 11. 

Fig. 12 is a time chart showing the decele- 



- 28 - 

ration rate characteristic with different road slope 
inclinations, and Fig. 13 is a block diagram for 
calculating a target value corresponding to a driving 
load. 

5 In Fig. 12, the solid line represents a 

deceleration characteristic with the accelerator pedal 
stroke ct of zero on flat roads of normal altitude, the 
dotted line represents a deceleration characteristic 
with the accelerator pedal stroke a of zero on a 

10 descending slope, and the dashed line represents a 

deceleration characteristic with the accelerator pedal 
stroke a. of zero on an ascending slope. The difference 
between solid line and dotted line or dashed line 
represents a driving load TL. As described above, the 

15 target deceleration rate is determined as required by 

the driver during an arbitrary length of time after the 
accelerator pedal stroke a, is reduced to zero. Assume, 
for example, that the power train is controlled to 
achieve the actual deceleration rate when the driver has 

20 reduced the accelerator pedal stroke a to zero. This 
deceleration rate is the target value required by the 
driver. 

On a descending slope, on the other hand, the 
driving load is reduced, and therefore, the deceleration 
25 rate is also reduced, i.e. the operation shifts toward 
acceleration. As a result, the driver feels uncom- 
fortable and the different deceleration rate from the 
one required by the driver, and the driver apply the 
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brakes. On an ascending slope, on the other hand, the 
driving load is high, and therefore the deceleration 
rate increases, i.e. the operation shifts towards 
deceleration. Consequently, the driver feels 
5 uncomfortable, and the deceleration different from the 
one required by the driver, and the driver actuates the 
accelerator pedal. 

In view of this, the driving load is deter- 
mined as described above, and a target deceleration rate 

10 is determined and corrected in accordance with this 
driving load. In this way, the acceleration control 
corresponding to the change in the road slope inclina- 
tion is realized. The driving performance is further 
improved if the driving load is corrected by the age, 

15 sex, etc. of the driver. 

Now, the control logic of Fig. 12 will be 
explained with reference to Fig. 13. First, the vehicle 
speed N Q is applied to the deceleration rate calculation 
means 45 thereby to calculate the actual vehicle decele- 

20 ration Gd. The deceleration rate Gd, the accelerator 
pedal stroke ot and the brake pedal depression signal 0 
are applied to the target deceleration rate calculation 
unit 46 thereby to calculate the target deceleration 
rate Gdt . 

25 The target deceleration rate Gdt is calculated 

in the case where the accelerator pedal stroke ct becomes 
zero and the brake pedal depression signal £ changes 
during the target deceleration rate determining period 
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of Fig. 12. 

Then, the vehicle speed N Q , the turbine speed 
Nt and the engine speed Ne are applied to the driving 
torque calculation unit 47, so that the actual driving 
5 torque To is calculated. The driving torque calculation 
unit 47 determines the driving torque To from the torque 
converter characteristic and the transmission ratio 
undergoing an abrupt change in initial stages of the 
speed change. The driving torque is calculated in a 

10 similar manner to the method described in detail in 
JP-A-6-207660. 

The driving torque To, the deceleration rate 
Gd and the vehicle speed N Q are applied to the driving 
load calculation unit 48 thereby to calculate the 

15 driving load TL. In Fig. 13, the driving load TL is 

expressed by a functional equation. Actually, however, 
it can be determined from the following equation (1) for 
vehicle drive. 

TL = To - IV-Gd (1) 

20 where Iv is the inertial mass of the vehicle. 

Finally, the driving load TL and the target 
deceleration Gdt are applied to the first target driving 
torque calculation unit 1 thereby to calculate the first 
target value Ttar. This conversion equation is based on 

25 equation ( 1 ) . The first target value Ttar can alter- 
natively be determined by experiments from the actual 
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vehicle characteristics. The calculations including 
and subsequent to the target engine torque calculation 
unit 4 are similar to the corresponding calculations in 
Fig. 1. 

5 The weight b of the functional equation of the 

driving load calculation unit 48 of Fig. 13 will be 
described below. 

Generally, different drivers prefer different 
deceleration rates on an ascending or descending slope. 

10 This deceleration rate can be freely changed according 
to this invention. A rewrite switch signal that can be 
manipulated by the driver is applied to a weight rewrite 
unit 4 9 and thus the deceleration on an ascending or 
descending slope can be freely changed. Specifically, 

15 the weight b calculated in the weight rewrite unit 4 9 is 
input to the driving load calculation unit 48, thereby 
making it possible to change the magnitude of the 
driving load TL. 

The above-mentioned application of the control 

20 logic suppresses the fluctuations of the torque produced 
from the power train when switching between the control 
amount for securing the vehicle safety and the control 
amount for achieving the mode intended for by the 
driver. At the same time, an acceleration rate or a 

25 deceleration rate not intended for by the driver is 

prevented. In this way, the deceleration rate required 
by the driver is obtained in all driving environments 
including flat roads at normal altitude and ascending 
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and descending slopes. A comfortable ride and a safety 
compatible with a superior maneuverability can thus be 
realized . 



